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IntrsBsicaily bactericidal Absorbent I>ressing and Method of Fabrication 



nf fheTnvenrinn 

5 This inventioo rdatcs genccaJly to absosbeat dressings, azid more particulariy higiily- 

absorbent synthodc polymer dressings having an&sicrobiai agents att ached thereto. 

^ Wagjqrmpnd of thft Tnvenfifln 

i Bactexial growth in absorbent dressinp for wounds, uzinazy incaatlneDce disqjers, and 

JlO Tn- Ti ' TTn "^^"" I"^^ " aerioua medical comolicatioDs as well as social dfffinilti fe s . For 

a example, bacterial growth in uriuaiy incwidnence di^s or n>en^ aTlon pads usually 
" pioducesstrtmg, unpleasant odors dat are socaaHyuaacc^table and can cause persons to a^ 
3 their lifesvlft- Conventional absorbent pads fbr unnary incontinence and ntmi i rnrartnn are not 

inboendy bactericidal. Consequeoxiy»theonIy way to aydd growth of bacteria in the 
?15 absobeat dressings is to tiiaoge them as ftequent intervals, even if theabsobent capacity of 
the pad has lUJt been reached, in the area of wound dcessings.baaetSalcontaaiaatiott of acute 
wounds and infecdon of cfarooic sida wounds are major clinieal problems that can result in 
significant morbidity and, in severe cases, mortality. ConvendonaUy, wound dressings have 
been designed to absorb wound fluids and yet provide a moist environment for promoting 
20 wound healing. However, such moist environxnanis create a nutrient rich reservoir fer 

bacterial gi«wth in djc dressing. Bacteria growing in tbe dressing can be shed back into die 
wound, iaaeasing the lisk of wound infection, or response to toxias, and producing strong , 
foul odors. 

In an effort to address these problems, andbiodcs or chemical disinfectant* axe 
25 frequendy applied t«q)ically to wounds prior to covering die wound widi a dressing. 
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Altemaxively, topical agents are sotnet» To 
control foul odors, some known dressings inc^^ 

generating the foul odor. For some applications, topical application of antibacMiial agents is 
i^ct dcsirofcls, Per insurxc, ^:ac:enci£i;ii agats appUcd :opicall7 tc vcund i-a^ijings i^av^ a 
tendency to seep into the wooxui being craaied. Furtfaennorc, many antimicrobiai drvgs, such 
ajs iodine, are cytotoxic and will re«rd wound healing if used rcpetitiveiy or at high 
concentrations. 

A composition comprising a superahsorbect polymer having a monoiayer (or near 
monolayer) of silane antimicrohial agent in a covalent bonding relationship wxth the base 
polymer, is disclosed in U.S. Patent No. 5,045,322. The compositioii may be in the form of 
flakes, strips, powders, filaznents, iibers or films, and may be applied to a substra^ in the 
form of a coating* The aforementioned con^sition is less apt to enter a wound vis-a-vis 
conventional topical treatment systems. In that lespect, the disclosed compositxon provides an 
improvement over eonventionai t^irical treamtent systems. However, silanes comain siloxane 
bonds which can be deavcd by acids and bases produced by inftction or bacteial growth. In 
mn, these reactions may weaten or destroy bonds between Ae silane antimio 
the underlying polymer. Consequently^ antimicrobial agent may seep into a wound and retard 
wound healing. 

The need exists for an improved andmicrohial dressing composition having an 
andmicrobial agent which can be mafntainnri sccurtiy attached to a stq^eiabsoxbent polymer 
upon exposure so adds and bases prt>duced by inftctioQ and bacter^ In addition to 

reducing the ptopensiQr for detachment of the antimicrobial agent, it would be desirable to 
provide a sur&ce area enhanced dressing structure for increasing the e^xdveness of the 
andmicrobial agent. 
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[ Sianmary, fff the Invention 

I: is an object of the prasent invemion to provide an inherentiy baoericidal 

supeTofiscr&ani dressing having an ^J^Ancad surfateajea. 
5 It is another object of the present invention jo provide an inherently bactericidal 

5upezabsori>ant dressing having an improved bactericidal attachtnent structure thai resists 

degcadation upon exposure to adds or bases produced, for instance, during bacterial growth. 
;3 These and other objects are achieved by the inherently bactenddai polymer 

^ compositiou of the present invention* In the preferred embodiment, the compcsick>n comprises 

n 10 a polymer matrix having quaternary ammonium groups tethered to its surface through aon- 
i siloxane bonds* The stir£acB area of the polymer nsatxix is enhanced, for ii^^ 

i electrostatically spinning a fiber-forming synthetic polymer to foxin a fiayed fiber or filament. 

Altemadvdy^ the polymer solution can be wet- or dry-spun to create a roughened fiber surface 
I by ccntxoUiA£ the choice of solvent and the polymer solution tem per a tu re, AdditLonal surface 

I 15 grf^ ^hfln/v>rn^t ic prrwi^i^i by tethering mnfeciifar ehain<f of qtiatemary ammonimn pendent 
1 groups to the surface of the polymer matrix. Tethering may be accomplished by known 

techniques such as grafting and selective adsorption. 

In an alrcmare embodiment of the invention, non-iooic bactericidal molecules, are 
coupled to tise sur&ce of the polymer matrix^ in lieu of xoaically-cfaarged molecules. 
20 lonically-chazged molecules are prone to bdng neutralized upon encountering oppositely^ 
charged molecules. For instance, positively«charged quaternary ammonium groups may be 
neutralized by negatively-charged chloride ions present in physiological fluids. In instances 
were such neuoalizauon is significant enough to reduce the bactericidal properties of the 
dressing below an acceptable level, tion*ionic surface groqps mzy be preferable. 
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A novel antibactenal polymer composition is fsbricated to have an enhanced surface 
area and superabsorbent capacity for biological fluids, including urine, blood, and wound 

In the preferred embodimenc of the present invention, the compositioQ includes a 
polymer macnx having quatemaiy ammonium compounds attached to the surface of the 
polymer mamx. The polymer maoix is. comprised of a plurality of hydrophilic fibers or 
filaments which can be febncated in any suitable manner. For example, suitable fiben or 
filaments can be fabricated by wet- or dry-spinning a fiber-forming syntiietic polymer from a 
ginning solvent. The resulting poiymer has superabsotbent capacity. Generally, polymers 
capable of absoxting from about thirty lo sixty grams of water per gram of polymer are 
considered to be superabsorbent. Examples of supenaybsoxbcnt polymen whidi can be 
fabricated in this manner include polyacryiic adds, polyethylene oxides and polyvinyl 
alcohols. For example, methods for spinning polyethylene oxide using acetone solvent are 
well known. 

Significantly, the polymer manrix is Rubricated to have an enhanced surface area. 
Enhancing the sur&ce area of the polymer ma&ix results in improved absoiption of biological 
fluids^ and increases the availability of sites fbr attachment of the antimicxDbtal quatemaiy 
ammonium compounds, A corresponding increase in the quantity and density of antaraicrobial 
^les, in turn, enhances the efficacy of the coic^josition in killing organisms such as bacteria 
and viruses. 

It may occur to <me skilled In the art of polymier science that a variety of methods are 
available for accomplishing sur&ce area modification* Preferably, sur&tce area esihancement 
is accomplished by a modified spinning or casting mediod. For instance, decuo^tic spinning 
is a modified spinning technique which results in firaying of the fiber as it exits the spinexettc. 
Alifixnatilvely, a polymer solution can be wet- or dry-spun to create a roughened fiber surCace 
by controlling the solvent type and the polymer solution temperate Hiis tedmology is weQ 
known and has beem applied^ for example, in the manufacture of asymmetric membranes 
having roughened pores for dialysis. The si2e of fte roughened pores is primarily controlled 
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by the speed of precipitation wiuch, m rum, i$ controlled by solvent interacaon pazameters, 
tempeiatuic, etc. 

t The stirfacs area of the poiyrocx composinon is further eahancsd by tethering chains of 

antiniicrcbiai groups to &e outer turcica ci tiie miividuai pciyxner xloers. Frsxexdhiyj 
5 molecular chains of quatexnary ammonium pendent srcups are fabricated ^ b2.ve at lea:^: one 
end ad^ced for artaobmcnt xo a fiber surface. For instance, stusice gxafting n^ay be 
accomplished by creating surface 6ee radicals as initiation sitec ftom peroxide gcnemlon 
(ozone or microwave). Alternatively, jsorface attachment of an interpenetrating network may 
be achieved using a monomer which swells the substrate polymer. The incorporation of 
1^10 tethered antixziicrbbial chains has the further beae&t of enhancing the functionality of the 
composition. In particular, the tethered antumcrobial chains extend into the particular 
biological solution to bind 10 harmful bacterial and viral orgam In contrast to Iciown 
J:;: dressing conrpositums in which a monolayer (or near monolayet) of baci^riddal conipound is 

directly attached to a £iber suz&ce, the chain smicmres of the present iziventiony which 
u 15 ftmcdon like arms extending outwardly £com the £ber SQtface» more effectively bind the 
C3 andmicrobial sites to harmful organisms. Ptcfetably, tethacing is accomplished by yafting the 
Cl 2ndmicrcrt>ial chains directly to the tnatax su^ orby selective adsoxption of a copolymer to 
the matrix surfau». 

Gzaiting techniques are well Imown in the art. For example, quatenmy- ammonium 
20 compound grafting using the monotner trimethylammonrum ethyl mefhacrylate to g;£aft 
polymerize to a modified polyethylene sur&ce is described by Yahaxoui (Master's Thesis, 
University of Fkooda, 1986). Yahioui describes a giafdng technique in which aplasma 
discharge is used to crease &ee radicals which initiaxep(^ymeri2aticn of aj^opnate 
monomers. Selecdve adsorpuon of appropriate block copolymers can also be used. 
25 la contrast to known compositiotis in which an aatimicrobiai structure is achieved by 

covalently bonding groups to the surface of the base polymer, the present invennon 
incorporaces a chemical structure which is based on polymerization (Le., surface grafting) of 
monotners containing all carbon-carbon, carbm-^ixygen and carboa-tiitrogen main bonds^ such 
as the diaSdy, diailyl^ quaternary ammonium compounds. Consequently^ the composition of 

5 



the preseoit inventioa results in a stxiscture which is ks$ prone to reacting with acids and bases 
produced by bacterial growth. As previously xaendoned, such reactions can degrade the 
aiachment between the matrix and antimicrobial groups. In instsnccs where the coraposiricn 
is ippll^ lo a wound dr2;S£iiig, isuch degradaiicn ccuid resuic in andmicrobiai agenis deuchmg 
5 from the polymer matrix and entering a wound site. In some cases, this can have the 
deleterious effect of retarding wound healing. 

In an alternate erabodinacnt of the present invention, anionic andbactericidal groups are 
immobiktfid on the suxfece of a superabsorbant dressing to improve the antibactericidal 
efficacy of the dressing. The positive cha^ assocdaied with quaternary ammonium groups, 

10 for example, can be neutraltzed by negaiive ions, such as dUoride icxis present in physiologial 
fluids such as uxine and plasma. For applications where the d^ree of neutraliiation will 
sigmficantly zcduce the eftecdveness of tte antibacreriddal ageat, amonic avxfaac groups can 
be subsriiuted for quaienaiy ammonium groups. Exaaplfis of ctanacaX compounds that can 
be used to produce immobUized amonic suxjface groups include Triton-100, Tweea 20 asd 

15 deoxycholaie. For inmnce, Ttitoa-100 contaias a free hydroxy! groiq> which can be 

d«ivadzed into a good leaviog group, such as tosyl or chloride, and subsequently reacted with 
a base-treated polymer, such as metilxyl cdluiose, to yield a sur&ce immobilized non-ionic 
surfacnwt 

Dimethyldiallyl ammonium chlorida is one example of a suitable mcmoroer wiaidi may 
20 be used with the preseat invention. This monomer, commonly leffaied to as DMDAC or 

DADMAC, is used in the febxication of commercial flocculating polymers. Modifications of 
trialkyi(p-vinylbenzyl) anunonium dilotidc or Ae p-triaikylaxninoe&yl styrene monomers are 
also '""ta^'t" One sudx example is crimethylO-vinyl benzyl) ammonium chloride; the methyl 
groups of this monomfir can be replaced by other alicyl groups to iropan desired properties. 
25 Alternatively, meAacrylate-based monomers may be used; however, they may suffea: ftom 

bydiolytic insabiliQr under acidic and basic conditions in a feshion similar to the siten&^MScd 
treatments of the prior art. ConsequenUy , methacrylate-based monomera axe noc preferred. 

While the preferred embodimcaits of the invention have been iUustraied and described, 
it will be clear that the invention is not so limited, Momerous modifications, changes. 
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v:ariati^, substiturkms and equivalents will occur to those skilled in the art without departing 
from the :3zint and scope of the present invention as described in the claims. 



WecUim: 



L A dressing for absorbing biological fluids, comprising: 

5 a pluiaiity of an&microbial compounds ccupied by non-siioxane bonds to said pciymer 

matrix. 

2. A dressing as rtdted in claim I, wherein said pltixality of antimicrobial compounds 
comprise quaseinaxy ammonium compound^. 

10 

3. A dressing as recited in claim 1, wherein said antimicrobial compounds comprise 
chain^Hke structures tethered at one end to said polymer matrix. 

4. A dressing as todtcd in claim 1^ wherein said plurality of antimicrobial compounds 
15 are non-ionic compounds. 

5* A dressing as recited in claim 1, wherein said dressng comprises a sanitary pad. 

6. A dressing as recited in claim 1^ wherein said dressing comprises a tampon* 

20 

7. A dressing as recited in claim 1^ wherein said dressing comprises a bandage* 

A method for fabricating an intrinsically 3ntimicx%3b^ 
compnsiog the steps of: 

25 forming a supexabsorbeat synthetic polymer matrix having an en hanced surface area; 

and 

attaching a plurality of antimicrobial compounds to the enhanced surface area of said 
polymer matrix. 



8 



lOm/2001 IJtj 09. FAX 352 39^ 3771 
SENT BY: BENCEN & VAN DYKE, P. A.; 



MAT SCI ENG 



407 22fi 03295 



OCT-fi-01 B:07PM; 



SlOOl/001 
PAGE 2/3 



;iOR RAIENT '''' i'^ 



LATENT APPUCATION 



As a be W named i&yentoT,!! hereby declare &at: 

My r^i<kQCc/posT office adibess aod citizer^&hip are as stated below next to my name; 

1 baUeve I am<he origiittl, fest and sok inventor (if only one mm is listed below) or an origiual, first and joint inventar (if plural names 
arc listed below) of the subjict raattcr which is claimed and for wliich a patent is sought on the invention cntifled; 
INTRINSTCAL LY BAQTEIUAL ABSORBENT DRESSING AND M ETHOD Of FABRICATION 
the specification of whic^ is: attached hei^to unlcaa the following box is checked; 

(X) waa filed on 6^/2 tpl as US AppIictiLion Seiial No. Q9/857,gg 6 ca PCT Intcniational Application 

Nunibcr fCTIUS^99/19Q91 and was amended on (tf applicable). 

I hereby state Aat I have reviewed asid understood ihe contents of ^ above-identlfled specification, uicluding ckiiiis, anxndcd by 
any aniendn»ut(s) referred to iibovc. I adcncwledge the duty to discloisc all Infonnatian whidi is material to paiemability as defined hi 37 
CFR 1,56. i 

Fonrian Appficatios(i) azs J/or Cl^^m of t^oreti^n Prbiity 

1 lieitby claiffl foreign S>Honty hedcfits uimer Ttdc 35, Uciled StStts Code Stxutrn 1 19 of any fcynngn appHcation(j) puifinl or invcaioi<s) ccrtificttie itsxed bjlow and 
havealso WtfutiriudMowany fffl«;igrt appllcatton &>rpftie«c of iiivcntorCs) ct^ificiitd having »nWtig<Ime before i»^»taf fits icppiiu^iUuii m wbiob pnon^y is clanocdi 



COUNTOY 


APPUCA'nON NUMBER 


DATCHLBP 


PRIPRH^ CLAIMED tWDER 35 U.S.C. I ! 9 


1 PCT 








r 






YfiS: NO: 



f|lieic^clHimit?sbertefltundcrl^lc^^ Utiilwl Slates Code Sccrion 1 19(c) of ftny United SteteaTirwsioni)WlicadQfi(») 



APPIX'ATiON SERIAL NUMBBR 


TILING DATE 


60/111,472 


12/9/199$ 







yihcrobycfaimtfiirbenefltundcr'ailcSS. United StawH Code, Section 170 nf any iMitod States appncadafl(s) Uaed '["Stl^n^I ?^ nfl 
ti^clainis flf thin *i»plicau-tti is not dliclc^ in Uie prior United suiws application in *e trmnncr prt>^Wed >y ihc fim pera^pl^ of Trtlc ^^^^^^^ Ernies OjdftSc^^^^ ni f 
CnckTiowkdge flic cluty tti disclose .btaoria* infonrntloa as defined in TilUs 37. Code Of Pcderai R*«uiftltortS, Section 1 .56(a) which occurred bcbv«n the filing dale or t)ic 
Is Jpriur application tJ»o nauvMwl or PCT intemaliciiftl ming date o*' this appikttiiottl 



APPUCATJON SCiUALmJMSER 


Fii.NO Date 























As a Ranied Inventor, I bcrtby appoini tho folb*^ihg aicomcyCs) and/nr agejii^s) listed below m -prosecme ftiis appRcah'on and Eiansact al) busiihafi in the Patent and 
Tiadernark Ofllcc conmscicd (h«wwtai. 



Ttmoiby Hi V»« !5!ykc, Reg. No. 43318 



^rectT«l«bhone 0»n* Tto 



1 hereby declaim thai tiU siaiemcftte made hcrsiii of my own knowledge arc and thai all fitoiciwptt ntadc on toforniotioD and belief arc hciicvcd lo .be a«d turto- 
that ibcie slateowDlS w imde ftc Icnowlcdiftf ihai willfljl false staxcmcnts und tiic like so nra punishable by fine orinipn:i«nmer«, or both, under SecMjwi looi 
sjfTitlc 1 8 of liic Uittltfd Statea CQd& imal that sucb willful feJac siiiefjwiw may jeopardize lh« validfiy of the appHeation Of aay patent lasnicd ihemjn. 



Fui! l^«ino <>f liKveiktmrs t-hriH^''^^'B»ttch 



lavcntor' 



'*lSgwafii«?c 



nate 



received: 10/15/01 12:12PM; ->BENCEN & VAN DYKE, P.A.; #341; PAGE 2 

^ 10/15/2001 12:18 ... „3522715394 ^.^^ .^^^FJ. ENT ^SSOaA^^^^^ ^^^^^^^^ 



PAGE 02 
PAGE 2/2 



OKLARATION AN|> POWER OF ATlORNt^^ 
FOK PATENT AFyLICATTON fcot>tt>tDt41 , 



ATTOIINEY DOCKET NO, OMT-^t VS 



Full K«uH» vf I«v«ii»r^B|[k§|^^^^t 



fMl (Mltct Attdrin t ^ WtwWr^ Rottd. Swlt* Oil 



PlUC 



Knit ht»niff ^UircA:or: tArijd M. QklwiMtt 



;3 Full N»»i« afUifCK Pty^<l^-I.wtt« 



Hniuciwi!: 



Full Ngiiwvflu**'* on. 



PontOmcfl Addrmut . 



i:itlrcn«lll|ir. 
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DECLARATION AND rOWER Oi ATTORNEY 
FOR f ATEWT AfPLICAliON ^coiUliittcd) 



Full NftiM *f f nvcatar; IriLCt A; Mm 
Rcftfdeficr: Calnttvillr, Fkridi ' 



ATTORNEY DOCKET NO, OMT-iR 



CiiigcHiMp: USA 



2f 



FnK Name of InvnUr: CrcMfv-Schulw 



rort^^Ad<rcM: tiO» SW Afcbcr Rai A Ciiinf ivillg. Ft J2605 4^ / 



invmar' 




Citiirfiihip: USA 



Dale 



FyM N»rtW of Investor: Cgrild M« OlJcrimw 



Retldencc; New Bwifafd^ MMM<fciii«K 



fii Of Ae« A^drMti 17 Picfcm»n^ Driw. N«w R^f<ir<i. MA PI 730 



CitixcA^hip: USA 



Full NAiM «r In vtal*r: David S. Ltraw 



IUtldtlK«: ><Ki R»l»n> Honda 



Paic Office Address: 410 WE IS'^^TwaccL 6«i<?i Kaion. Fl. 33411 



t>aic 



Cttizvfuhip; USA 



lavcni«r*i Siteamrr 



Dale 



Full Nanie •r tnvMiror: , 
k«idcfic«: 



Fosi UrflctAddms: 



tnvrnlor'S SigMalur^ ttiit 

¥mlt ISmwaw Imrniar! j <:itizc«!lhil>: 

KtKtilffiKr: ; 

Foil Offict Adrif K«: \ 



OCT-15-01 09:59 AM DR-JERRY OLDERMAN 



2758148 



P- ei 



SENT BV: BENCEW i VAM DYKE, P. A.; 407 228 0329; 0CT-15-pi iO:04AM; PAGE 3/3 



I DECLARATION AND POWER OF ATTORNEY 

' PATE NT AP >n.[(:ATION (cont inued) 

( Vlf Namr nf Inventor; Bi ucf A. Mas< 

R«td^(Ke: iiilncivjUtJ^nrttLa 

Port OffKt Addf«s*: MlJVWJSiJbLlir^^^ 



ATTORNEY DOCKET NO, OMT-IR US 



CUiwiishlp: IJSA_ 



'•'ull Name orin^iiuor: CrfjytfX SfhuU^.. 



i'oit OCUct Adtir^s: t600SW Ar cher goiUj CitLnKMilc, PL j2e05_ 



Date 



roi£ (JfiKc A<!iir«5: 1 / Picka?i>B Drlv^ . P<ew Biecliof^t , M.4 0173.0 



Rmdcft^f : Ih'^^j Hi^<qn, flar:Ja 

Voit Omc e AdtJr^v 410 N£ rerrft<:c. H oca Ha tnn. n. I.UH 



Iiti7cmh5p, 1!SA„ 



[ji^vwrwf '' Signal toCf 



Date 



vVidtiU?: ... 



Citizenship; 



Dak- 



full Vjinc of in\vn^"f 

KfililciKC. 

^(i^i Office Addr.'si, 



Oct 09 01 06:28p David, Lerner 

SENT BY: BENCEN & VAW DYKE, P. A.; 407 226 0329; 



561-750-4204 p-1 
OCT. 8-01 5:i8PM; PAGE 3/3 



DECLMIATION 
FOft PATENT APPLICATHDN 



AN1> FOV^^ER OF ATrORNEY 
(cewtiiHied) 



Full tVimc uf Inventor: Bruce A, Mill 



ResMcoce: < jaincavilir, Worlda 



Pait Omvc Address: 831 NW 45t1i T trrac*. GMineivme. FL 32605 



ATTOKNEV DOCid* NO. QMT-IR Ufi 



Ottxeniihlp: OSA^ 



Ffivemor's Nignvturr 



D«t« 



Full Name of tovcafvrr gr^yory ^g^wAU 



H*9ldmc«: ^i'||ilK1""' fc Florida 



Kelt Office Addrui: l ^OO SW Atcber Road. Gaia MTlHc FL 



1iktfeiitOiy*i SIf fulurc 



Full Narw wf Sikwciilor: t;gr»ld M. Older »tflft 



yy l>rtfi fimr» Aridr«g: 17 Ptckimi^ Ilr|w , [^ y w R^afard. MA 01730 



CtClzei>»tifp: tlSA 



Full Nank; ttf InvtQter: , 
Residence: 



Full Nto^ of Euvcntor: Daved 3. Lmier 








Hniduec^ca Raun. Florida • 




















io/9/..?mi. 




Inventors MiltA^'ure ^^^^^/^ /^/^ 








Full N«m» Af Im'tsi^Ar! 




(riiir»n«liin: 
















lnv«:aior*4 Sfgtiiiure 




Dare 





€iti/.en5hlp: , 



Pntt Office Addrtrxt: 



lAveitlOr's Sigaaiurr 



Date 



